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Short abstract 
In the recent year the interest in metallic nanostructures has experienced an exponential increase. The peculiar 
optical behavior of metallic nanoparticles (MNPs) arises from the collective oscillations of free electrons when 
electromagnetic radiation of a certain frequency impinges on the MNPs (localized surface plasmon resonance, 
LSPR). Although isolated MNPs possess intriguing properties, when two or more MNPs are brought close to each 
other, the most interesting phenomena take place, e.g. appearance of coupled LSPR modes, and “hot spots” of high 
near-field enhancement. Therefore, much attention has been devoted recently to the development of efficient ways 
to prepare metallic nanostructures with sub-10 nm interparticle distance. Despite a huge literature on the topic, most 
of the deposition techniques still suffer from major disadvantages, such as large gap distance, high cost and small 
substrate area, typical limitations of top-down methods, and low MNPs coverage, poor control of optical properties, 
and poor reproducibility for bottom-up deposition methods. To overcome the aforementioned limitations, I took 
advantage of a self-assembly based bottom-up deposition method developed by our group. This method allows us to 
deposit any kind of MNPs on a large scale conducting substrate achieving high MNPs coverage, MNPs mechanical 
stability (MNPs are chemically bound to the substrate) and a fixed interparticle distance. These 2D arrays were 
found to support an intense and sharp LSPR which can be tuned in a vast range of wavelengths according to the 
metallic composition and size of the nanoparticles and on the substrate chosen. Thanks to these properties, we could 
successfully apply them as strong and tunable near-field light generator to make up for the low quantum efficiency 
on nonlinear phenomena, paving the way for the direct observation of exotic phenomena under irradiation with 
incoherent light sources, instead of expensive high-power pulsed lasers. This substrate was successfully applied ato 
develop a Surface Enhanced Raman Scattering (SERS)-based sensor achieving enhancement factor as high as 107 
with remarkable homogeneity over the sample. The 2D array was also amployed to generate Two-Photon 
Absorption (TPA) induced photodimerization of an anthracene derivative, and to enable visible light activity in a 
wide bandgap semiconductor thorough TPA, this latter application being especially important for the development 
of materials for solar-to-chemical energy conversion. 
